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Abstract. We consider a symmetry-preserving approacii to tlie nucleon- 
nucleon scattering problem in ttie framework of tlie iiiglier-derivative for- 
mulation of baryon chiral perturbation theory. Within this framework the 
leading-order amplitude is calculated by solving renormalizable equations and 
corrections are taken into account perturbatively. 

It has been claimed that Weinberg's program for the few-nucleon sector of 
baryon chiral perturbation theory [T] encounters conceptual problems. The NN 
potential of the effective field theory (EFT) is non-renormalizable already at 
leading order (LO). The iteration of the potential in the LS equation generates 
divergent terms with structures which are not included in the original potential. 
Therefore, the renormalization of the solution to the LS equation requires the 
contributions of an infinite number of higher-order counter-terms. It has been ar- 
gued that the coefficients of the divergent parts of the counter-terms contributing 
in low-order calculations would set the scale of the corresponding renormalized 
couplings [2]. Therefore, even if these couplings were natural at some value of 
the renormalization scale, they would become unnaturally large for slightly dif- 
ferent values of this parameter. This problem, in different variations, has been 
addressed as the inconsistency of Weinberg's approach. On the other hand, cutoff 
EFT advocates the point of view that the "consistency problem" of Weinberg's 
approach is irrelevant and one can perform the calculations by suitably choos- 
ing the cutoff parameter (see, e.g., [3l IU O [6l [7] ) . The controversy still remain 
unresolved. 

Here, we shortly present a new approach developed in Ref. [8]. 
The standard effective Lagrangian leads to UV divergences. These can be 
handled by considering a nucleon propagator with an improved UV behavior [9] 

^Sp{p) = - '—-F{L^p'), (1) 

p — m + le 
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where the regulating function F can be chosen as e.g. 

nL\p') = ^^, \^,^2N, or F{L\p^) = exp ^ -2 ( ^ ) ). (2) 

The equation for the nucleon-nucleon scattering amphtude reads 

T = V + VG T . (3) 

Expanding T, V , and G in small parameters (like the pion mass and small 
momenta), 

G = Go + Gi + • • • , F = ^0 + ^1 + • • • , T = To + Ti + • • • , (4) 

and substituting in Eq. ([3]), we solve T order by order (analogously to the KSW 
approach [2]). At leading order we obtain 

n = Vo + VoGoTo. (5) 

Here, the LO two-nucleon propagator Go = —iS^ps'^P and is defined by 



Using the LO amplitude To, the NLO amplitude Ti is calculated. Analogously, 
To and Ti can be used to calculate the NNLO amplitude T2 etc. 
The LO equation in the center-of-mass frame reduces to 

/d^k 1 
Vo(p',-fc) ^2_fc2 + j, ^0(-fc,p) , (7) 

where 



[(m2+p'2)(^2+p2)]l/2 

V r«' - Vb(p^p) F{L^p'^)F{L\p^)m' 

Here, Vq is the sum of the standard contact interaction (Vo,c) and one-pion ex- 
change (Vo,7r) parts of the LO potential [3j. The potential Vo(p',p) has a milder 
ultraviolet behavior than Vq (p',p). In the limit L ^ 00 the OPE part of the 
effective potential Vo{p',p) generates no divergences in the ^So wave. The 
wave requires a single counter-term, which is present in our LO potential. For 
higher partial waves the singular behavior of the potential is screened by the 
angular momentum barrier and therefore no counter-terms are required. The 
numerical analysis confirms the above conclusions. The ^Pq phase shifts calcu- 
lated for different values of the parameter L are shown in Fig. [TJ Different choices 
of L correspond to different renormalization schemes [8] . By choosing the renor- 
malization scheme properly one can improve the convergence of perturbative 
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Figure 1. ''Po partial wave np phase shifts for different values of L parameter compared with 
the data points from the Nijmegen PWA [10]. The curves are shown for L = 750, 1000, 2000, 
6000, 20000, 30000, 100000, 500000 (MeV), the solid line corresponding to the largest value. 



series for physical quantities. The best description of the phase shifts at lead- 
ing order is obtained for L ~ 750 MeV. Corrections to any finite order can be 
expressed as a sum of a finite number of Feynman diagrams where To is also 
interpreted as NN vertex. The UV behavior of Tq guarantees that all divergences 
generated in the limit L ^ oo in corrections at any finite order can be canceled 
by counter-term contributions also present at the given order. As a result our 
new approach is free of "consistency problems". 
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